Eye tracking is a popular research tool in developmental cognitive neuroscience for 15 studying the development of perceptual and cognitive processes. However, eye tracking 16 in the context of development is also challenging. In this paper, we ask how knowledge 17 on eye-tracking data quality can be used to improve eye-tracking recordings and 18 analyses in longitudinal research so that valid conclusions about child development may 19 be drawn. We answer this question by adopting the data-quality perspective and 20 surveying the eye-tracking setup, training protocols, and data analysis of the YOUth 21 study (investigating neurocognitive development of 6000 children). We first show how 22 our eye-tracking setup has been optimized for recording high-quality eye-tracking data. 23 Second, we show that eye-tracking data quality can be operator-dependent even after a 24 thorough training protocol. Finally, we report distributions of eye-tracking data quality 25 measures for four age groups (5 months, 10 months, 3 years, and 9 years), based on 26 1531 recordings. We end with advice for (prospective) developmental eye-tracking 27 researchers and generalizations to other methodologies. 28 Page 3 of 36 J o u r n a l P r e -p r o o f EYE TRACKING IN DEVELOPMENTAL COGNITIVE NEUROSCIENCE 3 Eye tracking in developmental cognitive neuroscience -the good, the bad and the ugly 30 Introduction 31
, the precision is much lower, which is evident from the fact that the 166 sample-to-sample difference in gaze position is larger than in the Top panel. Moreover, 167 2 A 'fixation' generally refers to a period in which gaze is directed at a constrained part of the screen for a given period (e.g. gaze is within a 2 • radius for 100 ms or longer). This can be computationally extracted from eye-tracking data using many different techniques. A common method is using the velocity signal of the gaze position. If the velocity is below a certain threshold, a sample is classified as belonging to a fixation. For more information on conceptual or computational definitions of fixations or saccades, see Hessels et al. (2018) . Bottom: Example 4-second horizontal gaze position on screen in pixels (left axis) and degrees (right axis) of relatively low quality. Degrees are reported under the assumption that the participant's eyes were 65 cm from the screen, and that all areas of the screen were at equal distance from the eyes.
Low eye-tracking data quality -defined as low accuracy and precision, and the 172 occurrence of periods of data loss -poses specific problems for data analysis. recording.
In order to answer this question, we adopt the data-quality perspective and 222 survey the eye-tracking data collection and analysis procedures in the YOUth study.
223
We use examples and eye-tracking data from the YOUth study, and focus 224 specifically on the following three questions: We thus tackle the ugly problems that help ensure that valid conclusions about 234 child development can be drawn. We end with advice for longitudinal and cohort-based 235 eye-tracking research and generalizations to other methodologies (e.g. EEG).
236

Methods
237
In this study, we adopt the data-quality perspective in order to answer three 238 questions related to optimizing eye-tracking data quality and analyzing eye-tracking 239 data of potentially low quality. We first describe the eye-tracking data sets from the 240 YOUth study used for this paper. Hereafter, we provide the necessary methodological 241 background for each of our three questions.
242
Participants 243
The YOUth study is a large cohort study involving two cohorts (0-6 years and Eye-tracking data were collected using the Tobii TX300 running at 300 Hz.
262
Communication with the Tobii TX300 was achieved using the Tobii SDK controlled In the YOUth cohort studies, we measure eye movements from children as young 377 as 5 months up to children aged 15 years. As we wanted to keep the eye-tracking setup 378 as similar as possible across ages, the setup needed to satisfy the following criteria: 10 months, 3 years (recently started) and 9 years. We then discuss constraints on 429 data-analysis tools, and discuss age-specific data-analysis problems. Eye-tracking data 430 quality measures are reported for 500 participants per age group, except for the 431 3-year-old age group, for which only 31 participants had been recorded at the time of 432 writing. As before, estimates for precision and data loss are presented (see 433 Operationalizations of eye-tracking data quality), both derived from the gap-overlap 434 experiment. Descriptive statistics of the eye-tracking data sets per age group are given 435 in Table 1 .
436
Results
437
The eye-tracking setup in the YOUth study peaks around 1 to 1.5 • for the 5-month-old infants, while it peaks increasingly earlier 525 for the 10-month-old infants, the 3-year-old children and the 9-year-old children. A 526 similar pattern is observed for the proportion data loss (right panel in Figure 4 ). Here, 527 the distribution for the 5-month-old infants is very wide, with no clear peak. For the 528 older ages (10 months, 3 years and 9 years), the distribution is increasingly more peaked 529 towards the lower values, indicating better eye-tracking data quality. Note that for both 530 RMS-s2s deviation and the proportion of data loss, the distributions are wider for 531 younger children than for older children. This means that the differences in data quality 532 are larger between the eye-tracking data of the younger participants, than the 533 eye-tracking data of the older participants.
534 Figure 5 . Proportion of data loss for the left eye plotted against the proportion of data loss for the right eye for the four different age groups: 5 months (top left), 10 months (top right), 3 years (bottom left), and 9 years (bottom right).
We further investigated differences in data loss across ages, by looking at data loss 535 for the individual eyes. Ideally, data loss is 0 for both eyes, indicating that a gaze 536 position could always be reported for each eye. However, data loss is inevitable and 537 particularly so in developmental eye tracking. If a participant blinks, for example, a 538 gaze coordinate cannot be reported for a short period (generally a few hundred 539 milliseconds at maximum). If a participant looks away from the eye tracker completely, 540 a gaze coordinate can also not be reported. Such episodes are likely to occur with 541 infants or toddlers. However, data loss can also occur when a participant isn't blinking 542 or looking away. As stated, such data loss may occur due to technical difficulties in 
